Introduction
The triterpene glycoside glycyrrhizin is the main active compound in licorice or liqurice (Glycyrrhiza glabra Linné) belonging to the family of Leguminosae). It undergoes an enterohepatic cycling, during which it is metabolized by β-glucuronidase of commensal bacteria to glycyrrhetinic acid. Glycyrrhizin (GL) is an aqueous extract of licorice root, used as a sweetening and flavoring agent due to its extreme sweetness (Zhang and Ye, 2009 ). It consists of one molecule of glycyrrhetinic acid and two molecules of glucuronic acid (Mao et al., 2005) . It can effectively protect liver against fulminant hepatic failure induced by galactosamine and lipopolysaccharide (Yang et al., 2007) .
Glycyrrhetinic acid has a corticosteroid-like structure, and has been shown to possess several beneficial pharmacological activities, such as anti-inflammatory activity (Houssen et al, 2010; Shi et al., 2010) , immunomodulating (Chung et al., 2001) , and enhanced the production of antibodies through the production of interleukin 1, 2 and 12 (Zhang et al., 1992 (Zhang et al., , 1993 Dai et al., 2001 ), induction of gamma interferon, a natural anti-viral (production by T-cells), an endogenous lymphokine known to inhibit viral replication. This leads to significant antiviral activity (Hattori et al., 1983) , antioxidative activities (Nagai et al., 1992 ) and hepatoprotective properties (Maatooq et al., 2010) .
Duck hepatitis virus (DVH) is one of the most economic important diseases to all duck growing farms because of its high potential mortality if the infection is not controlled (Saif et al., 2003) . It is an acute highly fatal rapidly spreading viral infection of young ducklings. It was first recorded in New York and Taiwan. The morbidity is 100% and the mortality may reach 95-100% in the first week of age (Mahdy, 2005) . The present work was designed to investigate the effect of glycyrrhizin (active principle of licorice) as an immune stimulant and antiviral agent on ducklings experimentally infected and/or vaccinated with duck hepatitis virus in vitro and in vivo studies.
Materials and Methods

Purification and identification of glycyrrhizin from licorice plant
Two kg of licorice root (Glycyrrhiza glabra L.) was obtained from Haraz, Abdeen, Cairo, Egypt for isolation of Glycyrrhizin (GL). Purification of glycyrrhizin from licorice was performed according to Bentley and Trimen (1880). The extracted and purified substances were identified using thin layer chromatography (TLC) according to Cui et al. (2005) . The administered glycyrrhizin (purified glycyrrhizin 0.2% + cysteine 0.1% + glycine 2% dissolved in physiological saline) were inoculated 3 times weekly for 4 weeks (Mori et al., 1990) . Cysteine and glycine were added to avoid side effect of glycyrrhizin by increasing glutathione synthesis and prevent sodium and water retention effect. 
Virus preparation and titration in cell cultures
Virulant Duck hepatitis virus (DHV) strain and live attenuated duck hepatitis vaccine were kindly supplied from Vet Serum and Vaccine Research Institute, Abassia, Cairo, It was used for vaccination of ducklings and preparation of hyper immune serum, whereas Vero Cell culture had a titer of 10 6 tissue culture infective dose 50 (TCID 50 /ml), and used for serum neutralization test (SNT) for estimation of DHV antibodies in the serum of treated and vaccinated ducklings. Each passage of DHV was titrated in the corresponding cell culture using the microtiter plate according to Florence et al. (1992) . The end point was determined and the virus titer was calculated according to Reed and Muench (1938) .
In vitro studies
Cytotoxic effects of glycyrrhizin, glycin, cysteine and mixture of glycyrrhizin, cysteine and glycine was performed according to Khodier and Sahar (2006) . All samples were dissolved in physiological saline and sterilized by filtration using 0.22μm milipore filter. The cellular cytotoxicity assay was carried out using 0.1ml cell suspension containing 10,000 cells seeded in each well of 96-well microtiter plate. Fresh medium containing 10 fold dilutions of the tested samples was added after 24 hr of seeding. Control cells were incubated without test sample. The microtiter plate was incubated at 37 o C with 5% Co 2 for 72 hr. The morphology of the cells was inspected daily for microscopically detectable alterations.
Determination of the antiviral activity of glycyrrhizin
Confluent monolayer of Vero cells (African Green Monkey Kidney Cell Line) in 96-well plates were inoculated with 25μL of DHV (100 TCID 50 ); median tissue culture infectious dose; then overlaid with 25μL of each non-toxic concentration of the tested samples. The antiviral property was determined using the cytopathic effect (CPE) inhibitory assay (HU and Hsiung, 1989) and the virus yield reduction assay (Cinatl et al., 1997) . The anti-DHV activity was determined by inhibition of CPE compared with untreated infected cells (Control).
In vivo studies
Forty one-day-old White Pekin domestic ducklings used in this study were obtained from a private non vaccinated parent flock. Ducklings were housed under hygienic measures in separate isolators receiving a balanced growing broiler ration, containing protein 21%, fats 3.6% and fibers 3.4% according to NRC (1994). They were equally divided into 4 groups (10 birds/group) where the first group was kept as negative control. The second group was inoculated I/P (3 times/weekly/for four weeks) with 10mg of glycyrrhizin/kg b.wt. The third group was inoculated I/M with 0.5ml of live attenuated DHV vaccine. The fourth group was inoculated with both 10mg of glycyrrhizin/kg b.wt. and DHV vaccine (0.5ml). Two blood samples were collected from each duckling by jugular vein puncture before treatment for screening the presence of maternal antibodies for DHV then 4 days after vaccination then weekly for 7 weeks. One sample was anti-coagulated using heparin for evaluation of cellular immunity at the 4 th , 14 th , and 24 th day of treatment. The other sample was placed in a plain centrifuge tube for serum separation and neutralization Test.
Evaluation of cellular immune response
Lymphocyte proliferation assay (LPA) was measured using ELISA BrdU (Colorimetric) kit according to Perros and Weightman (1991) . The kit was made by Roche Diagnostics, Penzberg, Germany.
Evaluation of the humeral immune response
The DHV antibodies in duckling sera titers were calculated as the reciprocal of the final serum dilution which neutralized and inhibited the CPE of 100-200 TCID 50 / ml of the used virus (Singh et al., 1967) . SNT was applied on the sera obtained from five randomly selected ducklings from each vaccinated and control group.
Challenge test
The ducklings of each group at the 25 th day old were challenged with 0.5ml virulent DHV containing 10 7 TCID 50 per duckling intra muscular (I/M). The experiment was done according to guidelines for animal experimentations and approved by the institutional animal care and use Committee National Research Center, Animal care Unite, Dokki, Giza, Egypt.
Statistical analysis
Results are expressed as the mean ± SD. Differences between control and treated groups were tested for significance using a one-way analysis of variance followed by least significant difference (LSD). Differences were considered significant at p<0.05 level (Snedecor and Cochran, 1982) using SPSS version 10 computer programme. 
Purification and identification of GL
The isolated glycyrrhizin (A) had the same band of standard glycyrrhizin (B) on silica gel at retention factor (RF) = 0.74 of isolated GL to RF = 0.76 of the standard GL (Figure 1) The cytotoxic and antiviral effect Inoculation of different dilutions (up to 10 6 ) of isolated glycyrrhizin, glycine, cysteine, and mixture of all (glycyrrhizin, glycine and cysteine) did not show any cytotoxic effect in the inoculated Vero cells. Moreover, all Vero cells showed normal shape and growth rate during the first week compared to control cells. In addition, these materials induced antiviral effects which inhibit the cytopathic effect (CPE) of DHV (Figure 2, a and b) . As shown in Table 1 , the highest dilution of isolated glycyrrhizin, glycine, cysteine and mixture of glycyrrhizin, glycine and cysteine inhibited the CPE at 10 5 , 10 2 , 10 3 and 10 6 respectively.
In vivo studies Clinical signs
Ducklings of control negative group appeared normal during the experimental period. Similar signs were observed for glycyrrhizin treated ducklings. However, one vaccinated ducklings which showed signs of illness in form of depression, decreased food intake, ruffled feather and dullness at the 2 nd and 3 rd day died later. These signs started to disappear at the 4 th and 5 th day post vaccination. On the other hand, ducklings of treated and vaccinated group were slightly depressed, mildly anorexic at the 2 nd and 3 rd day post vaccination but returned to normal at the 4 th and 5 th day.
Cellular immune response
The result of lymphocyte proliferation assay (BrdU) indicated that glycyrrhizin or in conjugation with DHV live attenuated vaccine elicited a pronounced proliferation response after the 4 th day of inoculation and persisted until the end of experiment, while vaccinated group showed a pronounced proliferation response after 24 days. In contrast, the control group showed nearly negative proliferation response (Table 2 )
Humeral immune response (SNT)
Antibody titers estimated weekly for 7 weeks were (4, 4, 4, 8, 8, 4 and 32) for the treated group with mixture of glycyrrhizin, glycine and cysteine, (8, 16 , 64, 32, 32, 64 and 128) for vaccinated group and (8, 16, 32, 32, 64, 128 and 256) for treated and vaccinated group. As shown in Table 3 , the highest antibody titer at the 3 rd week was observed in vaccinated ducklings, while the treated and vaccinated group presented higher antibody titers from the 5 th week until the end of experiment than other groups (Table 3) .
Challenge test
Challenge test at 25 days old revealed that ducklings of control group showed severe depression, ruffled feather and off food. Some ducklings were lying on their sides or breast with leg extended backward and head drown over the back with spasmodic paddling leg -movement on the 3 rd , 4 th , 5 th , and 6 th day post challenge. The morbidity rate reached 80% and the mortality rate reached 70%. The treated group with glycyrrhizin showed slight depression and general signs of illness at the 2 nd day post challenge, one duckling had spasmodic paddling leg-movement but returned healthy on the 3 rd day. Neither mortality nor morbidity was recorded and ducklings appeared healthy with normal size. In addition, ducklings of vaccinated group showed moderate depression and general signs of illness at the 2 nd day post challenge, one duckling died on the 3 rd day post challenge. The survived duckling was emaciated and maintained stunted growth. In contrast, high protection rate (100%), healthy appearance, normal growth and size were observed in glycyrrhizin treated and vaccinated ducklings as shown in Table 4 . 
Discussion
Duck hepatitis virus is one of economic important diseases to all duck growing farms because of its high potential mortality if the infection is not controlled. The present work was conducted to investigate the effect of GL as antiviral and immune stimulant against DHV. It is based on immunological responses. In the present study, the result of purification and identification of GL from licorice root revealed that GL had the same band of standard GL on the silica gel at retention factor (RF) 0.76 of standard and 0.74 of isolated GL. Similar result was reported by Cui et al. (2005) .
In vitro study of the cytotoxicity assay of GL on Vero cells revealed that GL had no toxic effect. GL inhibited the cytopathic effect (CPE) of DHV on Vero cells up to the dilution of 10 6 . Baltina (2003) recorded that the LD 50 of purified GL (95%) was 5000mg/kg/day/orally in mice. Inhibition of DHV cytopathic effect could be the result of GL antiviral effect. GL affects the cellular signaling pathway such as protein kinase c; case in kinase 11 and transcription factors such as activator protein 1 and nuclear factor. GL and its aglycone metabolite glycrrhetinic acid regulate expression of inducible nitrous oxide synthase and production of nitrous oxide in macrophage (Crance et al. 2003) . The antiviral activity of GL is mediated by an interaction with the cell membrane which most likely results in reduced endocytotic activity and hence reduced virus uptake (Wolkerstorfer et al., 2009 ).
Lymphocyte proliferation assay indicated that GL alone or in conjugation with duck hepatitis vaccine elicited a pronounced proliferation response in contrast to the control group. This was explained by Shinada et al. (1986) who reported that RNA and protein synthesis of the treated lymphocyte with glycyrrhizin increased compared to control cells; DNA synthesis, however, was reduced. Collaboration between enriched T-lymphocytes and macrophages, both treated with glycyrrhizin was needed for the enhancement of interferon-gamma production. GL has been shown to stimulate endogenous interferon production in addition to its antioxidant and detoxifying effects (Saves et al., 2000) . A slight increase in interferon production was also observed in the glycyrrhizin-treated peripheral lymphocyte-macrophage cultures derived from an asymptomatic carrier of hepatitis B virus. Finally the GL-mediated the bidirectional controls of the lymphocyte growth response. The bidirectional controls demonstrated may be significant in normalizing the lymphocyte responses to very weak (Zhang et al., 1992) or may be due to the action of GL to stimulate macrophage to release interleukin-1 which is mainly concerned with activation of lymphocytes.
Antibody titers against DHV estimated by SNT were higher in vaccinated and vaccinated-treated birds with GL. These results expressed the elevation of immune response as stated by Abd-Elwanis (1999). The high antibody titer in vaccinated group is related to the effectiveness of the local live attenuated vaccine (El-Koffy et al. 1999). The lowest antibody titer in treated unvaccinated group is related to the non-specific immune response of GL. The very high titer in treated-vaccinated group could be attributed to the action of GL inducing interleukin-12 by peritoneal macrophages. The priming effect of GL on interleukin-12 production was independent of both gamma interferon and granulocyte macrophagecolony-stimulating factor (GM-CSF) production (Dai et al., 2001; Wolkerstorfer, et al., 2009 ). Also, GL acts as a promoter of the late signal transduction of T lymphocytes for IL-2 production (Zhang et al., 1993 Mahdy (2005) . Vaccinated group showed 10% mortality after challenge with virus. The 90% protection confirm the protective effect of the vaccine, while the treated group with GL showed no mortality which may be due to the enterohepatic cycle of GL, antiviral, immune stimulant, anti-inflammatory and antioxidant effect (Michael-Avirum, 2004; Houssen et al, 2010; Shi, et al., 2010) . Glycyrrhizin treated and vaccinated group showed no mortality or morbidity reflecting both the efficiency and potency of GL and DH vaccine in controlling the virus (Maatooq, et al., 2010) .
Conclusion
The treatment with glycyrrhizin alone or in combination with duck hepatitis vaccine expressed a good immune stimulant and antiviral effect against Duck hepatitis virus infections.
